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ABSTRACT This paper focuses on the study the possibility of phosphogypsum utilization in the bio-desulfurization system for 
hydrogen sulfide removal from gases flows with high hydrogen sulfide concentration (10%, 20% and 30% of the gas total volume). 
The optimal parameters of the process of granulation dihydrate phosphogypsum were determined. The depending of the gas cleaning 
efficiency under immobilization of the thiobacillus on the surface support medium was analyzed from such regime parameters as 
residence time and pH of system. The main optimal parameters of the gas cleaning process were determined. The degree of H2S 
removal (10% w/w) from a gas stream was 99,8% at pH=5,0 and optimum empty bed residence time of 10 h. With increasing H2S 
content to 30% of the gas total volume the purification efficiency decreases to 97.6% at other equal conditions. The possibility of the 
phosphogypsum using as a new type of mineral support medium for the associations of sulfide-oxidizing bacteria developing was 
determined in the process of biological gases purification from sulfur compounds. Bacterial desulphurization of H2S increases with 
increase of residence time (10 h.) and then declines at 15 h. This was due to the accumulation of metabolic products of bacteria. The 
period of lag phase of growth Thiobacillus sp. initially depended on the concentration of H2S in the system. Further lowering the pH 
to 4,0 did not lead to an increase in the degree of hydrogen sulfide removal. Effects of residence time and pH on the efficient of 
hydrogen sulfide removal were approximated regression equations. The biofilter washing mode to remove elemental sulfur was also 
determined. 
Keywords: biological purification, sulfur-containing gases flows, sulfide-oxidizing bacteria, mineral carrier, phosphogypsum 
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ɋɨɜɪɟɦɟɧɧɨɣ ɨɛɳɟɦɢɪɨɜɨɣ ɩɪɨɛɥɟɦɨɣ
ɹɜɥɹɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɨɬɯɨɞɨɜ ɩɪɨɦɵɲɥɟɧɧɨɣ
ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ ɢ ɩɨɩɨɥɧɟɧɢɟ ɢɯ
ɨɬɜɚɥɨɜ ɱɬɨ ɭɝɪɨɠɚɟɬ ɭɫɬɨɣɱɢɜɨɦɭ
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɸ ɩɪɢɪɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦ ɪɚɡɧɨɝɨ
ɭɪɨɜɧɹ ɢɩɪɟɞɫɬɚɜɥɹɟɬɭɝɪɨɡɭɜɬɨɪɢɱɧɨɝɨɡɚɝɪɹɡɧɟɧɢɹ
ɨɤɪɭɠɚɸɳɟɣɫɪɟɞɵ 
Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɯɨɞɨɜ ɜ ɜɢɞɟ
ɮɨɫɮɨɝɢɩɫɚ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ
ɷɤɫɬɪɚɤɰɢɨɧɧɨɣɮɨɫɮɨɪɧɨɣɤɢɫɥɨɬɵɌɚɤɟɠɟɝɨɞɧɵɟ
ɨɛɴɟɦɵ ɟɝɨ ɧɚɤɨɩɥɟɧɢɹ ɜ ɦɢɪɟ ɫɨɫɬɚɜɥɹɸɬ ɞɨ 
ɦɥɧ ɬ >@ ɩɨ ɫɨɜɪɟɦɟɧɧɵɦ ɞɚɧɧɵɦ ɧɚ ɬɟɪɪɢɬɨɪɢɢ
ɍɤɪɚɢɧɵɭɠɟɧɚɤɨɩɥɟɧɨɛɨɥɶɲɟɦɥɧɬɨɧɧ>@ɚɧɚ
ɬɟɪɪɢɬɨɪɢɢ ɋɭɦɫɤɨɣ ɨɛɥɚɫɬɢ ± ɫɜɵɲɟ  ɦɥɧ ɬ
ɮɨɫɮɨɝɢɩɫɚ ɩɪɢɱɟɦ ɟɠɟɝɨɞɧɨ ɜ ɨɛɥɚɫɬɢ ɟɝɨ
ɨɛɪɚɡɭɟɬɫɹɨɤɨɥɨɬɵɫɬ>@  
ɏɪɚɧɟɧɢɟ ɢ ɭɬɢɥɢɡɚɰɢɹ ɮɨɫɮɨɝɢɩɫɨɜɵɯ
ɨɬɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɧɟɪɟɲɟɧɧɨɣ
ɩɪɨɛɥɟɦɨɣ ɱɬɨ ɫɜɹɡɚɧɨ ɧɟ ɬɨɥɶɤɨ ɫ ɨɬɱɭɠɞɟɧɢɟɦ
ɡɟɦɟɥɶ ɩɨɞ ɯɪɚɧɟɧɢɟ ɨɬɜɚɥɚ ɧɨ ɢ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ
ɩɪɢɥɟɝɚɸɳɢɟɬɟɪɪɢɬɨɪɢɢɢɡ-ɡɚɩɵɥɟɧɢɹɢɫɩɚɪɟɧɢɹɜ
ɚɬɦɨɫɮɟɪɭ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɨɱɜɵ ɩɪɢɥɟɝɚɸɳɢɯ
ɥɚɧɞɲɚɮɬɨɜ Ɍɚɤ ɧɟɝɚɬɢɜɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɨɬɜɚɥɨɜ
ɮɨɫɮɨɝɢɩɫɚ ɨɫɨɛɟɧɧɨ ©ɫɜɟɠɟɣ ɨɱɟɪɟɞɢª ɦɨɠɟɬ
ɩɪɨɹɜɥɹɬɶɫɹ ɜ ɡɚɝɪɹɡɧɟɧɢɢ ɩɨɞɡɟɦɧɵɯ ɢ
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɞ ɩɨɱɜɟɧɧɨ-ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ
ɬɨɤɫɢɱɧɵɦɢɜɟɳɟɫɬɜɚɦɢɜɪɟɡɭɥɶɬɚɬɟɢɯɢɫɩɚɪɟɧɢɹɢ
ɜɵɦɵɜɚɧɢɹ ɢɡ ɫɬɟɧɨɤ ɨɬɜɚɥɚ ɚɬɦɨɫɮɟɪɧɵɦɢ
ɨɫɚɞɤɚɦɢɩɪɢɩɨɩɚɞɚɧɢɢɜɚɬɦɨɫɮɟɪɭɩɨɞɞɟɣɫɬɜɢɟɦ
ɜɵɜɟɬɪɢɜɚɧɢɹ ɢ ɩɵɥɟɧɢɹ Ɉɬɜɚɥ ɦɨɠɟɬ ɫɬɚɬɶ
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ɢɫɬɨɱɧɢɤɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜɵɡɵɜɚɹ ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ
ɩɨɞɡɟɦɧɵɯ ɜɨɞ ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ
ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɹɜɥɟɧɢɹɦ ɜ ɛɥɢɡɥɟɠɚɳɟɣ ɫɟɥɢɬɟɛɧɨɣ
ɡɨɧɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɱɭɠɞɟɧɢɟ ɢ ɡɚɝɪɹɡɧɟɧɢɟ
ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɟɣ ɡɟɦɟɥɶɧɵɯ ɭɱɚɫɬɤɨɜ
ɬɪɚɧɫɮɨɪɦɚɰɢɹɩɪɢɪɨɞɧɨɝɨɥɚɧɞɲɚɮɬɚ [4 - 6]. 
ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɜɨɡɦɨɠɧɨɣ
ɭɬɢɥɢɡɚɰɢɢ ɮɨɫɮɨɝɢɩɫɨɜɵɯ ɨɬɯɨɞɨɜ ɱɬɨ ɞɟɥɚɟɬ
ɜɨɡɦɨɠɧɵɦ ɭɦɟɧɶɲɟɧɢɟ ɧɟɝɚɬɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ
Ɉɋ [7, 8]. Ⱦɨɫɬɚɬɨɱɧɨ ɧɨɜɵɦɢ ɫɪɟɞɢ ɧɢɯ ɹɜɥɹɸɬɫɹ
ɫɩɨɫɨɛɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɫɮɨɝɢɩɫɚ ɜ ɬɟɯɧɨɥɨɝɢɹɯ
ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ Ɍɚɤ ɪɚɡɪɚɛɨɬɚɧɧɵɦ
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ
ɮɨɫɮɨɝɢɩɫɚ ɹɜɥɹɟɬɫɹ ɩɟɪɟɪɚɛɨɬɤɚ ɨɫɚɞɤɨɜ ɫɬɨɱɧɵɯ
ɜɨɞ ɜ ɫɢɫɬɟɦɚɯ ɚɧɚɷɪɨɛɧɨɣ ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ
ɞɟɝɪɚɞɚɰɢɢ ɫ ɨɫɚɠɞɟɧɢɟɦ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 
ɛɢɨɝɟɧɧɵɦ ɫɟɪɨɜɨɞɨɪɨɞɨɦ ± ɩɪɨɞɭɤɬɨɦ
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɫɭɥɶɮɚɬɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɢɯ
ɛɚɤɬɟɪɢɣɝɞɟɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣɮɨɫɮɨɝɢɩɫɜɵɫɬɭɩɚɟɬ
ɢɦɦɨɛɢɥɢɡɚɰɢɨɧɧɵɦ ɫɭɛɫɬɪɚɬɨɦ ɞɥɹ ɛɚɤɬɟɪɢɚɥɶɧɨɣ
ɤɭɥɶɬɭɪɵ>9].  
Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɭɬɢɥɢɡɚɰɢɢ
ɮɨɫɮɨɝɢɩɫɨɜɵɯ ɨɬɯɨɞɨɜ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ
ɬɟɯɧɨɥɨɝɢɹɯ ɛɢɨɨɱɢɫɬɤɢ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɨɬ
ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ ɫ ɩɨɦɨɳɶɸ ɚɫɫɨɰɢɚɰɢɢ
ɫɟɪɨɨɤɢɫɥɹɸɳɢɯ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ. ɉɪɢ ɷɬɨɦ
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɢɨɛɚɤɬɟɪɢɹɦɢ ɤɚɤ ɫɭɛɫɬɪɚɬɚ
ɤɨɦɩɨɧɟɧɬɨɜ ɮɨɫɮɨɝɢɩɫɚ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ
ɫɬɨɣɤɨɣɛɢɨɩɥɟɧɤɢɱɬɨɛɵɥɨɢɡɭɱɟɧɨɜ [10].  
Ʉɫɟɪɨɫɨɞɟɪɠɚɳɢɦɝɚɡɨɜɵɦɩɨɬɨɤɚɦ ɨɬɧɨɫɹɬɫɹ
ɜɫɟ ɝɚɡɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɤɪɟɤɢɧɝɚ ɪɢɮɨɪɦɢɧɝɚ
ɝɢɞɪɨɨɱɢɫɬɤɢ ɢ ɬ ɞ ɝɟɧɟɪɚɬɨɪɧɵɣ ɫɥɚɧɰɟɜɨɣ
ɩɟɪɟɪɚɛɨɬɤɢ ɤɨɤɫɨɜɵɣ ɢ ɩɪɢɪɨɞɧɵɣ ɋɟɪɨɜɨɞɨɪɨɞ
ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɚɤɠɟ ɜ ɛɢɨɝɚɡɟ ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ ɜ
ɩɪɨɰɟɫɫɟ ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ
ɨɬɯɨɞɨɜ Ȼɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɦɨɝɭɬ ɩɨɞɞɚɜɚɬɶɫɹ
ɝɚɡɨɜɵɟ ɩɨɬɨɤɢ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ [11 - 13]. 
Ɉɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ ɫɢɫɬɟɦ ɛɢɨɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɱɢɫɬɤɢ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɫ
ɫɨɞɟɪɠɚɧɢɟɦɫɟɪɨɜɨɞɨɪɨɞɚɧɚɱɢɧɚɹɨɬɞɨSSP
[11 - 14] ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ
ɢɫɩɨɥɶɡɨɜɚɧɢɹɫɢɫɬɟɦɛɢɨɥɨɝɢɱɟɫɤɨɣɝɚɡɨɨɱɢɫɬɤɢ  
ɋɟɪɨɜɨɞɨɪɨɞ ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶɫɹ ɜ
ɝɚɡɨɜɵɯ ɩɨɬɨɤɚɯ ɜ ɪɚɡɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɤɚɤ
ɫɥɟɞɫɬɜɢɟ ɡɚɦɟɞɥɹɬɶ ɢɥɢ ɨɫɬɚɧɚɜɥɢɜɚɬɶ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɢɨɨɱɢɫɬɤɢ
ɜɵɜɨɞɢɬɫɹ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢ ɦɨɠɟɬ ɛɵɬɶ
ɩɟɪɟɪɚɛɨɬɚɧ ɜ ɬɨɜɚɪɧɵɣ ɩɪɨɞɭɤɬ ± ɷɥɟɦɟɧɬɚɪɧɭɸ
ɫɟɪɭ Ɍɚɤɠɟ ɢɡɜɥɟɱɟɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢɥɢ ɢɧɵɯ
ɫɟɪɨɫɨɞɟɪɠɚɳɢɯɫɨɟɞɢɧɟɧɢɣɭɦɟɧɶɲɚɟɬɜɨɡɦɨɠɧɨɫɬɶ
ɩɨɩɚɞɚɧɢɹ ɞɚɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɭ ɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɧɟɝɚɬɢɜɧɨɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹɧɚɨɤɪɭɠɚɸɳɭɸɫɪɟɞɭ  
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ
ɪɚɡɪɚɛɨɬɤɚ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɫɮɨɝɢɩɫɚ ɜ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɵɯ
ɫɢɫɬɟɦɚɯɛɢɨɥɨɝɢɱɟɫɤɨɣɝɚɡɨɨɱɢɫɬɤɢ 
 
ɐɟɥɶɪɚɛɨɬɵ 
 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ
ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɰɟɫɫɚ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɭɞɚɥɟɧɢɹ
ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢɡ ɝɚɡɨɜɨɝɨ
ɩɨɬɨɤɚ ɨɬ ɪɹɞɚ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɩɪɨɰɟɫɫɟ
ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɬɢɨɛɚɤɬɟɪɢɣ ɧɚ ɦɢɧɟɪɚɥɶɧɨɦ
ɧɨɫɢɬɟɥɟ ɢɡ ɮɨɫɮɨɝɢɩɫɚ Ɂɚɞɚɧɢɹ ɧɚ ɪɟɲɟɧɢɟ
ɤɨɬɨɪɵɯɧɚɩɪɚɜɥɟɧɚɪɚɛɨɬɚ 
± ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ
ɫɬɟɩɟɧɢɷɮɮɟɤɬɢɜɧɨɫɬɢɝɚɡɨɨɱɢɫɬɤɢɨɬɤɨɧɰɟɧɬɪɚɰɢɢ
ɫɟɪɨɜɨɞɨɪɨɞɚ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜɪɟɦɟɧɢ ɭɞɟɪɠɚɧɢɹ
ɝɚɡɨɜɨɣɫɦɟɫɢɜɛɢɨɮɢɥɶɬɪɟɢɡɧɚɱɟɧɢɹɪɇɫɢɫɬɟɦɵ 
± ɩɨɫɬɪɨɟɧɢɟ ɪɟɝɪɟɫɫɢɨɧɧɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ
ɛɢɨɥɨɝɢɱɟɫɤɨɣɝɚɡɨɨɱɢɫɬɤɢ 
± ɨɩɬɢɦɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɦɵɜɤɢ ɛɢɨɮɢɥɶɬɪɚ
ɞɥɹ ɭɞɚɥɟɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ
ɝɪɚɧɭɥɮɨɫɮɨɝɢɩɫɚ 
 
ɂɡɥɨɠɟɧɢɟɨɫɧɨɜɧɨɝɨɦɚɬɟɪɢɚɥɚ 
 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ
ɩɪɨɰɟɫɫɚ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɝɚɡɨɨɱɢɫɬɤɢ ɫ
ɩɪɢɦɟɧɟɧɢɟɦ ɦɢɧɟɪɚɥɶɧɨɣ ɡɚɝɪɭɡɤɢ ɧɚ ɨɫɧɨɜɟ
ɮɨɫɮɨɝɢɩɫɚ. Ʌɚɛɨɪɚɬɨɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ
ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɛɢɨɮɢɥɶɬɪɟ ɪɢɫ ɩɪɟɞɫɬɚɜɥɹɸɳɟɦ
ɫɨɛɨɣ ɤɨɥɨɧɧɭ ɢɡ ɨɪɝɫɬɟɤɥɚ (1) ɫ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɣ
ɦɢɧɟɪɚɥɶɧɨɣ ɡɚɝɪɭɡɤɨɣ (2) ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɢɡ
ɞɢɝɢɞɪɚɬɧɨɝɨ ɮɨɫɮɨɝɢɩɫɚ ɤɨɬɨɪɭɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ
ɢɧɧɨɤɭɥɢɪɨɜɚɥɢ ɛɢɨɦɚɫɫɨɣ ɫɭɥɶɮɢɞɨɤɢɫɥɹɸɳɢɯ
ɛɚɤɬɟɪɢɣ (Thiobacillus sp.) ɜɵɞɟɥɟɧɧɨɣ ɜ
ɧɚɤɨɩɢɬɟɥɶɧɭɸɤɭɥɶɬɭɪɭɢɡɚɤɬɢɜɧɨɝɨɢɥɚ 
 
 Ɋɢɫ± ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹɥɚɛɨɪɚɬɨɪɧɚɹ
ɭɫɬɚɧɨɜɤɚ: 1 ± ɤɨɥɨɧɧɚɢɡɨɪɝɫɬɟɤɥɚ 
2 ± ɝɪɚɧɭɥɢɪɨɜɚɧɧɚɹɡɚɝɪɭɡɤɚɢɡɮɨɫɮɨɝɢɩɫɚ 
3 ± ɤɨɦɩɪɟɫɫɨɪ± ɲɬɭɰɟɪɞɥɹɩɨɞɚɱɢɝɚɡɨɜɨɣ
ɫɦɟɫɢ± ɲɬɭɰɟɪɞɥɹɨɬɜɨɞɚɨɱɢɳɟɧɧɨɝɨɝɚɡɚ 
6 ± ɨɪɨɫɢɬɟɥɶɫɩɪɢɧɤɥɟɪɧɵɣ 
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ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɬɟɩɟɧɢ ɭɞɚɥɟɧɢɹ
ɫɟɪɨɜɨɞɨɪɨɞɚ ɝɚɡɨɜɭɸ ɫɦɟɫɶ ɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ
ɫɨɞɟɪɠɚɳɭɸ ɧɟɦɟɧɟɟ10% H26ɩɨɨɛɴɟɦɭɧɚɝɧɟɬɚɥɢ
ɤɨɦɩɪɟɫɨɪɨɦ (3) ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɤɨɥɨɧɧɵ ɱɟɪɟɡ
ɲɬɭɰɟɪ (4)ȼɜɟɪɯɧɟɣɱɚɫɬɢɤɨɥɨɧɵɛɵɥɪɚɫɩɨɥɨɠɟɧ
ɲɬɭɰɟɪ (5) ɞɥɹ ɨɬɜɟɞɟɧɢɹ ɝɚɡɚ ɤɨɬɨɪɵɣ ɩɪɨɲɟɥ
ɨɱɢɫɬɤɭɢɨɬɛɨɪɚɩɪɨɛɞɥɹɚɧɚɥɢɡɚȾɥɹɨɪɨɲɟɧɢɹ ɜ
ɛɢɨɮɢɥɶɬɪɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɪɨɫɢɬɟɥɶ ɫɩɪɢɧɤɥɟɪɧɵɣ 
ɞɥɹɩɨɞɚɱɢɜɨɞɨɩɪɨɜɨɞɧɨɣ ɜɨɞɵ.  
ɉɪɨɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ +26 ɧɚ
ɜɵɯɨɞɟɢɡɛɢɨɮɢɥɶɬɪɚɱɟɪɟɡɪɟɝɭɥɹɪɧɵɟɩɪɨɦɟɠɭɬɤɢ
ɜɪɟɦɟɧɢ (5, 10, 15 ɱɬɚɤɠɟɨɫɭɳɟɫɬɜɥɹɥɫɹɤɨɧɬɪɨɥɶ
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɣ 
ɡɚɝɪɭɡɤɢ ɢɡ ɮɨɫɮɨɝɢɩɫɚ ɪɇ ɢ ɜɥɚɠɧɨɫɬɶ 
Ȼɢɨɝɚɡɨɨɱɢɫɬɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɜ ɦɟɡɨɮɢɥɶɧɨɦ ɪɟɠɢɦɟ
Ʉ 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ
ɥɚɛɨɪɚɬɨɪɧɨɦ ɝɚɡɨɜɨɦ ɯɪɨɦɚɬɨɝɪɚɮɟ
ɋɗɅɆɂɏɊɈɆ-1 (ɋɭɦɵ ɍɤɪɚɢɧɚ Ȼɵɥɢ
ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɞɤɥɸɱɟɧɧɵɟ
ɤɨɥɨɧɤɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 3/27 ɤɨɥɨɧɤɚ ɫ
©3RUD3/27 4ª ɛɚɥɥɚɫɬɧɚɹ ɤɨɥɨɧɤɚ ɫ ©ɏɪɨɦɚɬɨɧ 1-
AW-'0&6ª +3-3/27 ɤɨɥɨɧɤɚ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦ
ɫɢɬɨɦ 0ROH 6LHYH ȼ ɤɚɱɟɫɬɜɟ ɝɚɡɚ-ɧɨɫɢɬɟɥɹ ɛɵɥ
ɢɫɩɨɥɶɡɨɜɚɧ ɚɪɝɨɧ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ  ɫɦ3ɦɢɧ Ȼɵɥ
ɩɪɢɦɟɧɟɧ ɞɟɬɟɤɬɨɪ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɚɬɚɪɨɦɟɬɪ
Ⱦɥɹ ɝɪɚɞɭɢɪɨɜɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ
ɭɞɟɪɠɢɜɚɧɢɹ ɝɚɡɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɚɬɬɟɫɬɨɜɚɧɧɚɹ
ɩɨɜɟɪɨɱɧɚɹ ɝɚɡɨɜɚɹ ɫɦɟɫɶ ɉȽɋ Ɍɍ -
025681820016200): Ar-ɋɈ2-H2S (40-30-30%); Ar-ɋɈ2-
H2S (50-30-20%); Ar-ɋɈ2-H2S (60-30-10%); Ar-CH4-
H2S (35-45-20%). 
ȼɚɪɢɚɰɢɟɣ ɞɥɢɧɵ ɤɨɥɨɧɤɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ
ɪɟɠɢɦɚɢɫɤɨɪɨɫɬɢɝɚɡɚ-ɧɨɫɢɬɟɥɹɛɵɥɢɜɵɛɪɚɧɵɬɚɤɢɟ
ɭɫɥɨɜɢɹɚɧɚɥɢɡɚ 
± ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 3/27-ɤɨɥɨɧɤɚ 1 ±
ɜɧɭɬɪɟɧɧɢɣɞɢɚɦɟɬɪÂɦɦɞɥɢɧɚɦ 
± ɫɨɪɛɟɧɬ©3RUD3/274ª± 10-3 ɦɦ 
± ɤɨɥɨɧɤɚ - ɜɧɭɬɪɟɧɧɢɣɞɢɚɦɟɬɪÂɦɦɞɥɢɧɚ
ɦ 
± ɫɨɪɛɟɧɬ ©ɏɪɨɦɚɬɨɧ 1-AW-'0&6ª ± 0,20±
0,25 ɦɦ 
± HP-PLOT-ɤɨɥɨɧɤɚ  ± ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ
0,32 ɦɦɞɥɢɧɚɦ 
± ɦɨɥɟɤɭɥɹɪɧɵɟɫɢɬɚ0ROH6LHYH± 4Â10-7 ɦɦ 
± ɬɟɦɩɟɪɚɬɭɪɚɤɨɥɨɧɨɤ± Ʉ 
± ɬɨɤɦɨɫɬɚ± Â-3 Ⱥ 
Ɉɩɪɟɞɟɥɟɧɢɟ ɷɤɫɬɪɟɦɭɦɨɜ ɮɭɧɤɰɢɢ M(Y) ɜ
ɨɛɥɚɫɬɢ ɩɟɪɟɦɟɧɧɵɯ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ X(f) 
ɩɪɨɰɟɫɫɚɭɞɚɥɟɧɢɹɫɟɪɨɜɨɞɨɪɨɞɚɢɡɝɚɡɨɜɨɣɫɦɟɫɢ 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɢɡɚɰɢɢ <
ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɬ ɜɟɤɬɨɪɚ ; ɜɯɨɞɧɵɯ
ɭɩɪɚɜɥɹɟɦɵɯɩɟɪɟɦɟɧɧɵɯɮɚɤɬɨɪɨɜɜɚɪɶɢɪɨɜɚɧɢɹ 
 
1 2( ) ( ) ( ; ;...; ),nM Y f X f X X X                       (1) 
ɝɞɟ n ± ɱɢɫɥɨ ɮɚɤɬɨɪɨɜ ɬɨ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ
ɩɨɢɫɤɭ ɬɚɤɢɯ ɡɧɚɱɟɧɢɣ ɮɚɤɬɨɪɨɜ
* * * *
1 2( ; ;...; )nX f X X X ɩɪɢɤɨɬɨɪɵɯɰɟɥɟɜɚɹɮɭɧɤɰɢɹ
ɞɨɫɬɢɝɚɟɬɷɤɫɬɪɟɦɭɦɚ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ
ɦɨɠɧɨɩɨɞɚɬɶɪɟɝɪɟɫɫɢɨɧɧɵɦɭɪɚɜɧɟɧɢɟɦɜɢɞɚ 
2 2
0 1 1 2 2 3 1 4 2 5 1 2( ) ...M Y ɚ ɚ ; ɚ ; ɚ ; ɚ ; ɚ ɏ ɏ       ,      (2) 
ɝɞɟɚ0ɚ1ɚ2, ... ± ɤɨɷɮɮɢɰɢɟɧɬɵɪɟɝɪɟɫɫɢɢɩɪɢ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯɩɟɪɟɦɟɧɧɵɯ 
ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɬɤɥɢɤɚ ɛɵɥɨ ɜɡɹɬɨ
ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ <1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢɭɞɚɥɟɧɢɹɫɟɪɨɜɨɞɨɪɨɞɚ
ɢɡɝɚɡɨɜɨɝɨɩɨɬɨɤɚ. 
ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ
ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɩɪɨɝɪɚɦɦɟ 06 (xcel. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ
ɩɪɨɝɪɚɦɦɵ6WDWLVWLFa 6.0. 
 
Ɉɛɫɭɠɞɟɧɢɟɪɟɡɭɥɶɬɚɬɨɜ 
 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɱɟɬɚɧɢɣ
ɬɚɤɢɯɮɚɤɬɨɪɨɜɤɚɤɜɪɟɦɹɭɞɟɪɠɚɧɢɹ ɏ1) ɢɡɧɚɱɟɧɢɟ
ɪɇ ɏ2) ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɞɢɚɝɪɚɦɦɚ ɬɪɟɯɦɟɪɧɨɣ
ɩɨɜɟɪɯɧɨɫɬɢ ɪɢɫ  ɤɨɬɨɪɚɹ ɨɛɴɟɞɢɧɹɟɬ ɧɚɛɨɪ
ɡɧɚɱɟɧɢɣ ɞɚɧɧɵɯ ɩɨ ɫɟɪɢɹɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ
ɜɚɪɶɢɪɨɜɚɧɢɟɦɡɧɚɱɟɧɢɣɪɇɜɞɢɚɩɚɡɨɧɟɨɬɞɨ 
ɫɢɧɬɟɪɜɚɥɨɦɟɞ ɩɪɢɫɨɞɟɪɠɚɧɢɢɫɟɪɨɜɨɞɨɪɨɞɚɜ
ɝɚɡɨɜɨɣɫɦɟɫɢ. 
ȼɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɭɞɟɪɠɚɧɢɹ ɏ1) ɢ ɡɧɚɱɟɧɢɹ
ɪɇɏ2) ɧɚɷɮɮɟɤɬɢɜɧɨɫɬɶɨɱɢɫɬɤɢɝɚɡɨɜɨɝɨɩɨɬɨɤɚɨɬ 
ɫɟɪɨɜɨɞɨɪɨɞɚ (Y) ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ
ɭɪɚɜɧɟɧɢɹɦɢ ɪɟɝɪɟɫɫɢɢ ɞɥɹ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ
ɫɟɪɨɜɨɞɨɪɨɞɚɜɝɚɡɨɜɨɣɫɦɟɫɢ 
± ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ  ɨɬ ɨɛɳɟɝɨ
ɨɛɴɟɦɚɝɚɡɨɜɨɣɫɦɟɫɢ 
2 2
1 1 2 1 2( ) 360,45 36,05 102,55 1,46 10,38 ;M Y X X X X             (3) 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɫɨɫɬɚɜɢɥ 678, 
ɫɬɚɧɞɚɪɬɧɚɹɨɲɢɛɤɚɨɰɟɧɤɢ± 0,1780; 
± ɩɪɢɫɨɞɟɪɠɚɧɢɢɫɟɪɨɜɨɞɨɪɨɞɚ 
2 2
1 1 2 1 2( ) 310,83 36,95 80,11 1,52 8,15 ;M Y X X X X                (4) 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɫɨɫɬɚɜɢɥ 641, 
ɫɬɚɧɞɚɪɬɧɚɹɨɲɢɛɤɚɨɰɟɧɤɢ± 0,1920; 
± ɩɪɢɫɨɞɟɪɠɚɧɢɢɫɟɪɨɜɨɞɨɪɨɞɚ 
2 2
1 1 2 1 2( ) 279,17 35,59 69,47 1,44 7,17 .M Y X X X X               (5) 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɬɟɪɦɢɧɚɰɢɢ ɫɨɫɬɚɜɢɥ 
ɫɬɚɧɞɚɪɬɧɚɹɨɲɢɛɤɚɨɰɟɧɤɢ± 0,1890; 
ɋɭɜɟɥɢɱɟɧɢɟɦɜɪɟɦɟɧɢɭɞɟɪɠɚɧɢɹɏ1ɝɚɡɨɜɨɣ
ɫɦɟɫɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɢɨɮɢɥɶɬɪɚ ɩɪɨɢɫɯɨɞɢɬ
ɭɜɟɥɢɱɟɧɢɟɷɮɮɟɤɬɢɜɧɨɫɬɢɤɨɧɜɟɪɫɢɢɫɟɪɨɜɨɞɨɪɨɞɚɜ
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɝɪɟɫɫɢɨɧɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ (3-5 ɫ
ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɥɚɝɮɚɡɨɣ ɜ ɬɟɱɟɧɢɢ  ɩɟɪɜɵɯ ɱɚɫɨɜ
ɪɢɫ  ɢ ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ
ɨɱɢɫɬɤɢɧɚ±ɱɚɫɨɜ 
ɇɚɢɦɟɧɶɲɚɹ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ ɝɚɡɨɜɨɝɨ ɩɨɬɨɤɚ
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɪɇ  ɢ ɜ ɫɪɟɞɧɟɦ
ɫɨɫɬɚɜɥɹɟɬ   ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɟɪɨɜɨɞɨɪɨɞɚ  
ɨɬɨɛɴɟɦɚɝɚɡɨɜɨɝɨɩɨɬɨɤɚ 
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 Ɋɢɫ ± Ɂɚɜɢɫɢɦɨɫɬɶɷɮɮɟɤɬɢɜɧɨɫɬɢɭɞɚɥɟɧɢɹ
ɫɟɪɨɜɨɞɨɪɨɞɚ<1ɨɬɜɪɟɦɟɧɢɭɞɟɪɠɚɧɢɹɏ1) ɝɚɡɨɜɨɣ
ɫɦɟɫɢ ɢɪɇɪɚɫɬɜɨɪɚɜɛɢɨɮɢɥɶɬɪɟɏ2) 
ɇɚɢɛɨɥɟɟɜɵɫɨɤɚɹɷɮɮɟɤɬɢɜɧɨɫɬɶɛɢɨɨɱɢɫɬɤɢ
(99,8%) ɝɚɡɨɜɨɣɫɦɟɫɢ ɞɨɫɬɢɝɚɟɬɫɹɩɪɢɤɨɧɰɟɧɬɪɚɰɢɢ
ɜ ɧɟɦ +2S 10 ɩɪɢ ɪɇ  ɢ ɜɪɟɦɟɧɢ ɭɞɟɪɠɚɧɢɹ
ɝɚɡɨɜɨɣ ɮɚɡɵ ɜ ɛɢɨɮɢɥɶɬɪɟ  ɱɚɫɨɜ ɪɢɫ 2 ɋ
ɭɜɟɥɢɱɟɧɢɟɦɫɨɞɟɪɠɚɧɢɹ+2S ɞɨ30% ɷɮɮɟɤɬɢɜɧɨɫɬɶ
ɨɱɢɫɬɤɢɫɧɢɠɚɟɬɫɹɞɨɩɪɢɞɪɭɝɢɯɨɞɢɧɚɤɨɜɵɯ
ɭɫɥɨɜɢɹɯ 
 
 
 
Ɋɢɫ ± Ɂɚɜɢɫɢɦɨɫɬɶɫɬɟɩɟɧɢɭɞɚɥɟɧɢɹɫɟɪɨɜɨɞɨɪɨɞɚ
ɢɡɝɚɡɨɜɨɝɨɩɨɬɨɤɚɜɛɢɨɮɢɥɶɬɪɟɨɬɜɪɟɦɟɧɢ
ɭɞɟɪɠɚɧɢɹɩɪɢɪɚɡɧɵɯɡɧɚɱɟɧɢɹɯɪɇ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ
ɚɰɢɞɨɮɢɥɶɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɜɢɞɨɜ
ɫɭɥɶɮɢɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ ɡɧɚɱɟɧɢɟ ɪɇ ɞɨɥɠɧɨ
ɧɚɯɨɞɢɬɶɫɹɜɩɪɟɞɟɥɚɯɨɬɞɨɄɚɤɜɢɞɧɨɢɡɪɢɫ 
ɜɬɟɱɟɧɢɢ ɩɟɪɜɵɯɩɹɬɢɱɚɫɨɜɛɚɤɬɟɪɢɢɚɞɚɩɬɢɪɭɸɬɫɹ
ɤ ɭɫɥɨɜɢɹɦ ɫɪɟɞɵ ɛɢɨɮɢɥɶɬɪɚ ɥɚɝ ɮɚɡɚ ɧɚɱɢɧɚɸɬ
ɩɨɫɬɟɩɟɧɧɨɩɨɝɥɨɳɚɬɶ ɫɟɪɨɜɨɞɨɪɨɞ ɩɪɟɨɛɪɚɡɭɹɟɝɨɜ
ɫɟɪɭ ɫɬɟɩɟɧɶ ɭɞɚɥɟɧɢɹ H2S ɞɨ  Ɂɚɬɟɦ
ɫɥɟɞɭɸɳɢɟ  ɱɚɫɨɜ ɩɪɨɢɫɯɨɞɢɬ ɧɚɪɚɳɢɜɚɧɢɟ
ɛɢɨɦɚɫɫɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɮɨɫɮɨɝɢɩɫɚ ɫ
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɬɨɣɤɨɣ ɛɢɨɩɥɟɧɤɢ ɱɬɨ ɭɫɢɥɢɜɚɟɬ
ɩɨɬɪɟɛɧɨɫɬɶ ɛɚɤɬɟɪɢɣ ɜ ɜɟɳɟɫɬɜɚɯ ɢ ɷɧɟɪɝɢɢ ɢ
ɫɩɨɫɨɛɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨɣ ɝɚɡɨɨɱɢɫɬɤɟ 
(97-99,8%)ɋɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢɨɱɢɫɬɤɢ ɞɨ3-
87% ɩɨɫɥɟɱɚɫɨɜɭɞɟɪɠɚɧɢɹɜɛɢɨɮɢɥɶɬɪɟɝɚɡɨɜɨɣ
ɫɦɟɫɢ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟɦ ɦɟɬɚɛɨɥɢɬɨɜ ɜ ɜɢɞɟ
ɫɟɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɚɦɢɯ ɛɚɤɬɟɪɢɚɥɶɧɵɯ ɤɥɟɬɨɤ ɢ
ɦɢɧɟɪɚɥɶɧɨɦɫɭɛɫɬɪɚɬɟ ɝɪɚɧɭɥɚɯɮɨɫɮɨɝɢɩɫɚ. 
ɉɟɪɢɨɞɢɱɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ
ɮɨɫɮɨɝɢɩɫɨɜɵɯ ɝɪɚɧɭɥ ɫɟɪɵ ɫɨɨɬɜɟɬɫɬɜɭɟɬ
ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɟɪɢɨɞɚ ɭɞɟɪɠɚɧɢɹ ɪɚɫɬɜɨɪɢɦɵɯ
ɩɪɢɦɟɫɟɣ ɞɨ ɢɯ ɩɨɥɧɨɣ ɤɨɧɜɟɪɫɢɢ Ɍɚɤ ɩɪɢ
ɩɪɨɯɨɠɞɟɧɢɢ ɨɛɴɟɦɚ ɝɚɡɚ ɱɟɪɟɡ ɦɢɧɟɪɚɥɶɧɭɸ
ɡɚɝɪɭɡɤɭ ɪɚɫɬɜɨɪɟɧɧɵɣ ɫɟɪɨɜɨɞɨɪɨɞ ɡɚɞɟɪɠɢɜɚɟɬɫɹ ɜ
ɛɢɨɮɢɥɶɬɪɟ ɧɚɜɪɟɦɹ(ɏ1) ɞɨɩɨɥɧɨɣɤɨɧɜɟɪɫɢɢɢɷɬɨɬ
ɩɪɨɦɟɠɭɬɨɤɜɪɟɦɟɧɢɢɹɜɥɹɟɬɫɹɩɟɪɢɨɞɨɦɧɚɤɨɩɥɟɧɢɹ
ɫɟɪɵ ɧɚ ɝɪɚɧɭɥɚɯ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɤɨɬɨɪɨɝɨ ɨɧɚ
ɭɞɚɥɹɟɬɫɹ Ⱦɥɹ ɢɡɜɥɟɱɟɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ
ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɨɦɵɜɤɭ ɛɢɨɮɢɥɶɬɪɚ ɩɪɨɬɨɱɧɨɣ
ɜɨɞɨɩɪɨɜɨɞɧɨɣ ɜɨɞɨɣ ɤɨɬɨɪɚɹ ɩɨɞɚɜɚɥɚɫɶ ɢɡ
ɨɪɨɫɢɬɟɥɶɧɨɣɫɢɫɬɟɦɵɜɜɟɪɯɧɟɣɱɚɫɬɢɛɢɨɮɢɥɶɬɪɚ ɜ
ɬɟɱɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɏ3) Ɉɪɝɚɧɢɡɚɰɢɹ
ɭɞɚɥɟɧɢɹ ɫɟɪɵ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɛɟɡ ɨɫɬɚɧɨɜɤɢ
ɩɨɞɚɱɢɝɚɡɨɜɨɝɨɩɨɬɨɤɚɧɚɨɱɢɫɬɤɭ 
Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɝɚɡɨɨɱɢɫɬɤɢ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ
ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɦɵɜɤɢ
ɛɢɨɮɢɥɶɬɪɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ ɫ
ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɧɭɥ ɮɨɫɮɨɝɢɩɫɚ. Ɂɚɜɢɫɢɦɨɫɬɶ
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɟɪɵ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɨɬ
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɦɵɜɤɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ  
ɩɪɢɨɱɢɫɬɤɟɝɚɡɨɜɨɣ ɫɦɟɫɢɫɨɞɟɪɠɚɳɟɣ H2S.  
 
 
 
Ɋɢɫ ± Ɂɚɜɢɫɢɦɨɫɬɶɤɨɧɰɟɧɬɪɚɰɢɢɫɟɪɵ<2), 
ɤɨɬɨɪɚɹɭɞɚɥɹɟɬɫɹɢɡɛɢɨɮɢɥɶɬɪɚɨɬɜɪɟɦɟɧɢ 
ɩɪɨɦɵɜɤɢɛɢɨɮɢɥɶɬɪɚ;3ɩɪɢɪɚɡɧɵɯɡɧɚɱɟɧɢɹɯɪɇ
ɫɢɫɬɟɦɵ 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɱɬɨ ɩɪɢ ɭɞɚɥɟɧɢɢ ɫɟɪɵ ɜ
ɩɟɪɜɵɣɱɚɫ ɩɪɨɦɵɜɤɢ ɭɯɨɞɢɬɨɫɧɨɜɧɚɹ ɟɟɱɚɫɬɶ ɩɪɢ
ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ
ɞɨɫɬɢɝɚɟɬ  ɝ ɧɚ  ɞɦ3 ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ Ɂɚ
ɩɨɫɥɟɞɭɸɳɢɟ ɩɟɪɢɨɞɵ ɩɪɨɦɵɜɤɢ ɤɨɥɢɱɟɫɬɜɨ
ɢɡɜɥɟɱɟɧɧɨɣɫɟɪɵ ɭɦɟɧɶɲɚɟɬɫɹ ɩɨɦɚɫɫɟ ɢɞɨɫɬɢɝɚɟɬ
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99 ɝɞɦ3 ɱɟɪɟɡ  ɱɚɫɚ ɢ  ɝɞɦ3 ɱɟɪɟɡ  ɱɚɫɚ ɬɟ
ɩɪɨɫɥɟɠɢɜɚɟɬɫɹɧɟɥɢɧɟɣɧɵɣɡɚɤɨɧ ɜɵɦɵɜɚɧɢɹ ɫɟɪɵ.  
Ɉɬɦɟɬɢɦ ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɬɨɪɢɱɧɨɝɨ ɫɵɪɶɹ
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɧɟɪɚɥɶɧɨɝɨ ɧɨɫɢɬɟɥɹ ɜ 
ɛɢɨɮɢɥɶɬɪɟ ɢɦɟɟɬ ɬɚɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɤɚɤ ɥɟɝɤɨ
ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɞɟɲɟɜɢɡɧɚ ȼɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ
ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɮɨɫɮɨɝɢɩɫɚ ɤɚɤ ɧɨɫɢɬɟɥɹ ɱɬɨ ɢ
ɫɬɢɦɭɥɢɪɭɟɬ ɦɟɬɚɛɨɥɢɱɟɫɤɭɸ ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ 
ɫɢɫɬɟɦɵɩɨɜɵɯɨɞɭɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵɢɞɨɫɬɢɠɟɧɢɟ
ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɛɢɨɨɱɢɫɬɤɢ ɨɬ ɜɵɫɨɤɢɯ
ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ ɧɟ ɦɟɧɟɟ 7% ɩɪɢ
ɨɩɬɢɦɚɥɶɧɨɦ ɫɨɱɟɬɚɧɢɢ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ
ɪɚɛɨɬɵɛɢɨɮɢɥɶɬɪɚ. 
 
ȼɵɜɨɞɵ 
 
ȼɪɚɛɨɬɟɪɚɫɫɦɨɬɪɟɧɚɜɨɡɦɨɠɧɨɫɬɶɛɢɨɨɱɢɫɬɤɢ
ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ
ɫɟɪɨɜɨɞɨɪɨɞɚ ɨɬ  ɞɨ  ɉɪɢ ɷɬɨɦ ɞɥɹ
ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɫɭɥɶɮɢɞɨɤɢɫɥɹɸɳɢɯ ɛɚɤɬɟɪɢɣ
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɢɧɟɪɚɥɶɧɵɣ ɧɨɫɢɬɟɥɶ ɢɡ
ɞɢɝɢɞɪɚɬɧɨɝɨ ɮɨɫɮɨɝɢɩɫɚ ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɭɜɟɥɢɱɟɧɢɟ ɪɟɡɢɫɬɟɧɬɧɨɫɬɢ ɧɭɠɧɵɯ ɷɤɨɥɨɝɨ-
ɬɪɨɮɢɱɟɫɤɢɯ ɝɪɭɩɩ ɛɚɤɬɟɪɢɣ ɤ ɬɨɤɫɢɱɟɫɤɨɦɭ
ɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɟɪɨɜɨɞɨɪɨɞɚ Ɉɛ
ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɨɱɢɫɬɤɢ
ɦɨɞɟɥɶɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɢ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ
ɧɚɤɨɩɥɟɧɢɹ ɦɟɬɚɛɨɥɢɬɚ ɬɢɨɛɚɤɬɟɪɢɣ ɷɥɟɦɟɧɬɚɪɧɨɣ
ɫɟɪɵɧɚɩɨɜɟɪɯɧɨɫɬɢɮɨɫɮɨɝɢɩɫɨɜɵɯɝɪɚɧɭɥ  
 
ɋɩɢɫɨɤɥɢɬɟɪɚɬɭɪɵ  
 
1  Ʌɨɬɨɲ ȼ ȿ ɉɟɪɟɪɚɛɨɬɤɚ ɨɬɯɨɞɨɜ
ɩɪɢɪɨɞɨɩɨɥɶɡɨɜɚɧɢɹ / ȼ ȿ Ʌɨɬɨɲ // ȿɤɚɬɟɪɢɧɛɭɪɝ: 
ɢɡɞ-ɜɨɍɪȽɍɉɋ. ± 2002. ± ɫ 
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